INTRODUCTION
============

Anomalous origin of the left coronary artery from the pulmonary artery (ALCAPA) is a rare congenital heart disease, with a reported rate of 1 in 300,000 newborns. It is characterized by high infant mortality, and if untreated, 90% of the patients die within their first year \[[@b1-kjtcvs-47-220]--[@b4-kjtcvs-47-220]\]. During the prenatal period, myocardial development is normal due to the oxygenated pulmonary arterial blood and high pulmonary arterial pressure (PAP). After birth, however, the left coronary artery (LCA) supplies deoxygenated blood at a low pressure to most of the left ventricular myocardium \[[@b5-kjtcvs-47-220],[@b6-kjtcvs-47-220]\]. Thus, the anomalous origin must be corrected as early as possible \[[@b6-kjtcvs-47-220],[@b7-kjtcvs-47-220]\]. Direct coronary artery reimplantation and various modifications have been introduced \[[@b8-kjtcvs-47-220]--[@b10-kjtcvs-47-220]\]. We have developed a modified, tension-free reimplantation technique using only native pulmonary arterial and aortic tissue. Herein, we introduce our technique and the related clinical outcomes.

METHODS
=======

1). Patients
------------

We identified 7 patients who had undergone surgery for ALCAPA at the Samsung Medical Center from October 2003 to February 2011. Permission to perform a retrospective review of medical records was obtained from the institutional review board of Samsung Medical Center; the need for individual consent for the study was waived. We reviewed their medical records. The median follow-up duration was 52 months (range, 4 to 72 months).

2). Surgical technique
----------------------

Surgery was performed via standard median sternotomy and cardiopulmonary bypass (CPB) using moderate hypothermia. Immediately after starting CPB, we clamped both pulmonary arteries. Cardioplegia was delivered via catheters in both the aorta and the pulmonary artery. We transected the main pulmonary artery above the LCA. The tissue around the origin of the LCA was resected anteriorly and posteriorly. The longitudinal pulmonary arterial tissue was folded at a 90-degree angle and sutured superiorly and inferiorly with 8--0 polypropylene to make a tubular conduit. Then, the appropriate site for anastomosis was identified and a trapdoor incision was made. The tubular coronary artery conduit was anastomosed to the aorta with a continuous 7--0 polypropylene suture. The defect in the pulmonary artery was repaired using glutaraldehyde-treated autologous pericardium ([Figs. 1](#f1-kjtcvs-47-220){ref-type="fig"}--[3](#f3-kjtcvs-47-220){ref-type="fig"}). Two patients who had a severe degree of mitral valve regurgitation with poor left ventricle (LV) function also underwent mitral valve repair.

RESULTS
=======

The median age of the patients was 3 months (range, 2 to 126 months). There were six female patients and one male. Six patients were younger than 12 months at the time of surgery, and one was 10 years old. The patients had a diverse range of symptoms including poor oral intake, cyanosis, lethargy, and tachypnea. One patient did not have any symptoms and was diagnosed with ALCAPA incidentally. Echocardiography was diagnostic in all patients and demonstrated a significant left ventricular distension and mitral regurgitation in all patients ([Table 1](#t1-kjtcvs-47-220){ref-type="table"}).

The median CPB and cross-clamp times were 164 minutes (range, 123 to 171 minutes) and 83 minutes (range, 59 to 103 minutes), respectively. There was no mortality. Two patients had postoperative complications. A three-month-old patient had cerebral hemorrhage but recovered well without sequelae. A two-month-old patient had left diaphragm palsy and was treated with diaphragm plication.

Left ventricular contractility was normal before discharge in two patients, and the left ventricular ejection fractions were normal at the last follow-up ([Fig. 4](#f4-kjtcvs-47-220){ref-type="fig"}). Three patients underwent follow-up computed tomography angiography or coronary angiography, which showed good coronary patency ([Figs. 5](#f5-kjtcvs-47-220){ref-type="fig"}, [6](#f6-kjtcvs-47-220){ref-type="fig"}).

DISCUSSION
==========

ALCAPA was first described by Brooks in 1885 \[[@b1-kjtcvs-47-220]\] and was categorized into the infant type and adult type according to the timing of symptomatic presentation \[[@b4-kjtcvs-47-220]\]. The infant type is more common than the adult type, since more than 90% of patients who do not undergo surgery die within the first year of birth \[[@b11-kjtcvs-47-220]\]. Myocardial ischemia is the most common cause of death. In infant-type ALCAPA, there is almost no collateral formation. Therefore, the myocardial perfusion pressure is low, causing acute infarction. The adult type, on the other hand, has an abundance of collaterals. Even so, myocardial circulation resistance is greater than PAP, and flow reversal occurs, which can progress to ischemia. This is referred to as the "steal phenomenon" and eventually requires surgical correction as well \[[@b2-kjtcvs-47-220],[@b11-kjtcvs-47-220]\].

Surgical correction was first attempted by Potts in 1953 by producing an aortopulmonary shunt to elevate the pulmonary artery pressure and saturation. The first successful case was performed by Sabiston, in which correction was made to a one-coronary system with LCA ligation \[[@b5-kjtcvs-47-220]\]. LCA ligation is currently not recommended due to high early and late mortality \[[@b6-kjtcvs-47-220]\].

The currently accepted principle of surgical correction is to maintain the two-coronary system through various techniques such as coronary button transfer, the Takeuchi procedure, and coronary artery bypass graft combined with ligation of the anomalous LCA \[[@b11-kjtcvs-47-220]\]. Among these techniques, coronary button transfer is used most frequently for the infant type with excellent results \[[@b11-kjtcvs-47-220],[@b12-kjtcvs-47-220]\]. In the LCA button transfer technique, the anastomosis should be tension free without any kinks. Because extended LCA dissection can injure branch vessels, modified operational techniques have been used by various centers, including adjustment of the position of the anastomosis in accordance with the origin of the LCA \[[@b8-kjtcvs-47-220]\] or creation of a pulmonary artery flap to increase the length \[[@b7-kjtcvs-47-220],[@b13-kjtcvs-47-220]--[@b16-kjtcvs-47-220]\]. We have used the pulmonary artery tube flap and aortic trapdoor techniques. These techniques allow for tension-free anastomosis without kinking. Thus, we did not experience any coronary artery complications.

It is common for ALCAPA to be accompanied by mitral regurgitation (MR). If isolated MR is accompanied by LV dysfunction or dilatation, the possibility of ALCAPA must be considered \[[@b9-kjtcvs-47-220]\]. MR occurs due to LV dysfunction and dilatation as well as ischemic damage to the papillary muscles. Simultaneous correction of MR during ALCAPA surgery remains controversial \[[@b9-kjtcvs-47-220],[@b12-kjtcvs-47-220],[@b17-kjtcvs-47-220],[@b18-kjtcvs-47-220]\]. In this study, we selectively used mitral annuloplasty in two patients, and no patients had significant MR at the last follow-up.

In conclusion, our modified coronary transfer technique, consisting of a pulmonary artery flap tube and aortic trapdoor, is safe and useful. This technique provides a large and long left main coronary artery without extensive dissection.
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![(A) The main pulmonary artery is transected above the origin of the LCA. (B) The pulmonary artery flap and aortic trapdoor are designed as shown. RC, right coronary artery; LCA, left coronary artery.](kjtcvs-47-220f1){#f1-kjtcvs-47-220}

![(A) The left coronary artery is freed from the pulmonary artery, and the aortic trapdoor is opened anteriorly. (B) The pulmonary artery flap is folded to make a tube-like conduit.](kjtcvs-47-220f2){#f2-kjtcvs-47-220}

![(A) The LCA is anastomosed to the aortic trapdoor anteriorly and directly to the aorta posteriorly. (B) The pulmonary artery is repaired with autologous pericardium, and the main pulmonary artery is reconstructed. LCA, left coronary artery; RCA, right coronary artery.](kjtcvs-47-220f3){#f3-kjtcvs-47-220}

![Follow-up echocardiography showed enhancing LVEF. LVEF, left ventricular ejection fraction; Preop, preoperative; Postop, postoperative.](kjtcvs-47-220f4){#f4-kjtcvs-47-220}

![Follow-up computed tomography angiography was performed 5 years after surgery. It showed good coronary patency.](kjtcvs-47-220f5){#f5-kjtcvs-47-220}

![One year later, patient 7 underwent coronary angiography which verified the patent left coronary artery.](kjtcvs-47-220f6){#f6-kjtcvs-47-220}

###### 

Patient characteristics

  Patient no.   Age (mo)   Female   Preoperative   At last follow-up   MR repair                   
  ------------- ---------- -------- -------------- ------------------- ----------- --------------- -----
  1             3          No       Poor           Moderate            74          Mild            No
  2             6          Yes      15             Severe              58          Minimal         Yes
  3             126        Yes      67             Moderate            56          No              No
  4             2          Yes      32             Moderate-severe     69          Mild-moderate   No
  5             2          Yes      62             Moderate            77          Minimal         No
  6             32         Yes      43             Severe              70          Mild            Yes
  7             3          Yes      32             Severe              87          No              No

LVEF, left ventricular ejection fraction; MR, mitral regurgitation.
